Abstract. The rapid development of metastatic lesions remains the leading cause of mortality for patients with osteosarcoma. CD155 serves a key role in cancer cell migration, invasion and metastasis. However, the function and mechanism of CD155 has not been explored in osteosarcoma metastasis. In the present study, we found that CD155 was significantly upregulated in lung metastatic tissue and the highly metastatic cell line K7M2-WT (K7M2) of osteosarcoma. Overexpression of CD155 in K7M2 cells enhanced lung metastasis, while inhibition of CD155 by an anti-CD155 monoclonal antibody reduced metastasis. Blocking of CD155 also decreased migration and invasion of K7M2 cells in vitro. A western blot analysis revealed that blocking of CD155 inhibits metastasis by downregulating focal adhesion kinase (FAK) and phosphorylated FAK (pFAK) in osteosarcoma. The results revealed that CD155 serves a crucial role in the metastasis of osteosarcoma by regulating FAK and may provide a novel molecular target for therapeutic intervention in metastatic osteosarcoma.
Introduction
Osteosarcomas are the most common malignant bone tumors in children and adolescent represent 5-6% of all tumors in this age group (1, 2) . Osteosarcoma is characterized by invasion, early metastasis, and a high metastasis rate (1) . Despite major advances in the multiple therapeutic strategies including tumor excision, neoadjuvant or adjuvant chemotherapy, and radiotherapy, the long-term survival rate is unsatisfactory in the metastatic setting (3) (4) (5) . The metastasis of osteosarcoma is not only a sign of deterioration but also the major cause of treatment failure and death (6) . Thus, identification of novel molecules that take part in the metastatic processes is essential for developing new therapeutic strategy for osteosarcoma.
CD155 was initially identified as a receptor based on its ability to mediate the binding of poliovirus to host cells (7, 8) , and also known as a member of the immunoglobulin family of cell adhesion molecules (9, 10) . CD155 is broadly distributed at low levels on epithelial and endothelial cells in many tissues (11) , but overexpressed in various carcinomas including soft tissue sarcoma (12, 13) , colorectal cancer (14) , lung adenocarcinoma (15) , melanoma (16) , neuroblastoma and glioblastoma (17, 18) . CD155 was subsequently shown to promote GBM cell migration and focal adhesion disassembly (19, 20) . The downregulation of CD155 can decrease several cancer cells migration and invasion by regulating numerous invasion-associated molecules in vitro (21) . These biological properties of CD155 suggest that its overexpression in many cancer cells plays a key role in their metastasis.
Therefore, the objective of this study was to establish if CD155 had a key role in the metastatic phenotypes observed in K7M2-WT (K7M2) murine high metastatic osteosarcoma cells. Our data show that CD155 activity is increased in the highly metastasis K7M2 and that this activity could be blocked by an anti-CD155 monoclonal antibody. We also show that CD155 protein level increases in vivo lung metastasis of osteosarcoma patients. Altogether, our results reveal that CD155 blocking represents a novel potential molecular target for therapeutic intervention in metastatic osteosarcoma.
Materials and methods
Human osteosarcoma specimens. A total of 8 osteosarcoma tissue specimens of 4 cases lung metastasis and 4 cases no metastasis were obtained from the hospital's Department of Pathology database. Without any preoperative treatment, all 8 cases were pathologically diagnosed as osteosarcoma postoperatively. This study was approved by the Ethics Committee of the Xuzhou Children's Hospital (Xuzhou, China), and all specimens were collected from patients who provided written informed consent in accordance with the principles of the Declaration of Helsinki and Good Clinical Practice Guidelines. Flow cytometric analysis. Flow cytometry was performed on a FACSCanto (Becton-Dickinson, San Jose, CA, USA). Briefly, 1x10 6 cells were harvested, washed, and resuspended in 100 µl PBS, and then 5 µl PE-conjugated anti-mouse CD155 antibodies, or with control rat IgG were added to sample. After incubation at 4˚C for 30 min, the cells were washed with PBS, resuspended in 300 µl buffer, and analyzed by the flow cytometer.
Overexpression of CD155 relates to metastasis and invasion in osteosarcoma
Tumor growth and metastasis in nude mice. Male BALB/c nude mice (4-5 weeks old) were obtained from the Shanghai Experimental Animal Center of the Chinese Academy of Sciences (Shanghai, China) and quarantined for a week before the tumor implantation. All of the experimental procedures were approved by the Institutional Animal Care and Use Committee of Xuzhou Medicine College under protocol SYXK-2010-0011. For lung metastasis experiments, K7M2 cells (5x10 6 cells in 1 ml of PBS) were pre-incubated with anti-CD155 mAb or control rat IgG (1 mg/ml) at 4˚C for 30 min and washed twice with PBS. The resulting cells (1x10 6 cells in 200 µl of PBS) were injected into the tail vein of mice. To evaluate the metastasis of K7M2 cells, nude mice received K7M2 cells treated with the anti-CD155 mAb, or with rat IgG or PBS as controls. After 21 days, the mice were sacrificed and the tumor nodules on the surface of the lungs were counted under a dissecting microscope.
For xenograft tumor experiments, K7M2 cells (1x10 6 ) were subcutaneously injected into the right flank of the BALB/c nude mice. When the tumors reached 100-150 mm 3 , the mice were randomly divided into three groups (eight mice per group) and treated with intravenous injections of 500 µg of anti-CD155 mAb or control rat IgG three times per week for 6 weeks. The tumors were monitored every week by measuring the tumor size using a caliper for 6 weeks. The tumor volume was calculated by the following formula: Volume (mm 3 ) = length x width 2 /2. The differences in the tumor growth were tested for statistical significance. After 6 weeks, the mice were sacrificed and the final tumor weights were measured.
Cell migration and invasion assay. K7M2 cells were pre-incubated with anti-CD155 mAb or rat IgG at 4˚C for 30 min and washed twice with PBS. The treated K7M2 cells were resuspended in serum-free DMEM medium. The cell migration or invasion assay was performed in a 24-well Transwell unit (cat. no. CLS3398; Sigma-Aldrich; Merck KGaA, St. Louis, MO, USA), or 24-well Transwell unit coated with Matrigel (cat. no. 354578; Becton-Dickinson), respectively. The lower chambers of the Transwell units were filled with serum-free medium, and the upper chambers were seeded with 1x10 5 cells from each treatment group in triplicate wells. After 24 and 48 h incubations, the cells that had passed through the filter into the lower wells were counted. The experiments were performed four times, and the results were recorded as the mean of these experiments.
Statistical analysis. The values were expressed as the mean ± standard deviation (SD). The statistical analysis of the results was performed using a one-way analysis of variance with Student-Newman-Keuls post hoc tests or Student's t-test. P-values <0.05 were considered to indicate a statistically significant difference.
Results

CD155 is upregulation in the lung metastatic tissues and
highly metastatic cell line of osteosarcoma. Firstly, we analysed the expression of CD155 mRNA in 4 pairs of osteosarcoma tissues and the corresponding lung metastatic tissues using quantitative real-time PCR. The relative expression level of CD155 was significantly upregulated in the metastatic lung tissues compared with their primary counterparts (P<0.01) (Fig. 1A) . Western blot analysis showed that the expression of CD155 protein was increased in lung metastatic tissues of osteosarcoma (Fig. 1B) . Next, we detected the expression of CD155 mRNA and protein in highly metastatic murine osteosarcoma cell line K7M2 cells. As shown in Fig. 1C and D, both the mRNA and the protein of CD155 were expressed in the highly metastatic K7M2 cells. In addition, we used fluorescent-activated cell sorting (FACS) analysis to examine the expression levels of cell surface CD155 in K7M2 cells. CD155 was strongly expressed in cell surface of osteosarcoma cell line K7M2 (Fig. 1E) . These results suggest that CD155 may play an important role in the osteosarcoma progression and metastasis.
CD155 blockade by anti-CD155 mAb decreases K7M2 cells experimental lung metastasis in vivo.
To evaluate the metastatic potential of CD155 on highly metastatic K7M2 cells, we cultured the cells with antibodies against CD155 and compared the rates of metastasis to the lungs among K7M2 cells treated with anti-CD155 mAb, or with rat IgG or PBS. We injected each treated-cell into the tail vein of BALB/c nude mice. The mice were killed on day 21 and counted the numbers of tumor nodules in the lungs. The lung size was smaller in mice injected with K7M2 cells treated with the anti-CD155 mAb than in control mice treated with IgG or PBS (Fig. 2A) . The number of tumor nodules formed by K7M2 cells treated with the anti-CD155 mAb was (21±5) and reduced to a quarter of the number formed by control K7M2 cells treated with IgG or PBS (P<0.01) (Fig. 2B) . These results suggest that CD155 may play an important role in the osteosarcoma lung metastasis.
Furthermore, we established xenografts tumor model to evaluate the effect of the anti-CD155 mAb on tumor growth in the mice subcutaneous tissue. When the tumors reached 100-150 mm 3 , the mice were treated with intravenous injections of anti-CD155 mAb or control rat IgG three times per week for 6 weeks. As shown in Fig. 2C , tumor growth was measured per week, and the mean volumes in cubic millimeters were calculated. The mice were killed on day 42 and the tumor weights were measured (Fig. 2D) . Tumors appeared in all three mouse groups, and injection of the anti-CD155 mAb had no effect on the tumor size and weight (P>0.05). These results indicate that the anti-CD155 mAb does not affect the proliferation of cancer cells in vivo.
CD155 blockade by anti-CD155 mAb reduces K7M2 cells migration and invasion in vitro.
The Transwell system was used to assay the migration and invasion of K7M2 cells treated with anti-CD155 mAb, or with IgG or PBS as control. The number of cells that migrated to the Transwell membrane in the anti-CD155 mAb treatment group was significantly lower than in the IgG or PBS group (P<0.01) (Fig. 3A and B) . The number of osteosarcoma K7M2 cells that invaded the membrane was significantly lower when comparing the anti-CD155 mAb treatment group to the IgG or PBS groups (P<0.01) (Fig. 3C  and D) . These results suggest that CD155 high expression play a key role in the migration and invasion of osteosarcoma cells.
CD155 inhibits osteosarcoma metastasis through repressing
FAK and pFAK expression. FAK overexpression has been found in human osteosarcoma, and affects the migration and invasion ability of osteosarcoma cells (22) . To determine whether CD155 is related to FAK protein levels in osteosarcoma, we performed western blot analysis for FAK and pFAK. K7M2 cells were pre-incubated with anti-CD155 mAb or rat IgG at 4˚C for 30 min, washed twice with PBS, resuspended in DMEM medium, and cultured for 24 h in a humidified 37˚C incubator with 5% CO 2 . The treated cells were subjected to western blot analysis. As shown in Fig. 4A, CD155 blockade decreased FAK and pFAK protein levels in K7M2 cells (P<0.05). The results suggested that the overexpression of CD155 in osteosarcoma cells might be related to FAK in cell migration. Furthermore, lung metastatic tissues expressed higher levels of FAK and pFAK than primary tumor tissues of human osteosarcoma (Fig. 4B) . These data strongly support a role of CD155 in metastasis and correlates with FAK.
Discussion
Osteosarcoma is the most common bone cancer in children and young adults. It is the major cause of cancer-associated mortality in these age groups due to fatal lung metastasis. Unfortunately, ~20% of patients present with pulmonary metastatic disease at initial diagnosis, and 30-40% patients with the primary diagnosis of non-metastatic osteosarcoma eventually develop pulmonary metastasis (23, 24) . Survival for these patients is very poor despite intensive therapy with surgery, chemotherapy, and/or radiotherapy (25, 26) . Thus, it is urgent to study the metastatic mechanisms for effective assessment of the predict survival and treatment of osteosarcoma.
CD155 is overexpression in many types of human and rodent cancer cells (14) (15) (16) 27, 28) . Atsumi et al report that CD155 is widely expressed in all 12 bone and soft tissue sarcoma cell lines and soft tissue sarcoma tissue samples, which is associated with the clinical outcome of the patients with soft tissue sarcoma (12, 13) . These data reinforce the need for a better understanding of the mechanisms of action of CD155 to refine the development of new anticancer targets. In the present study, we demonstrated that CD155 enhances osteosarcoma cells metastasis to the lungs.
An activity for CD155 in osteosarcoma metastasis is powerfully supported by our experiments of lung metastasis using manipulated osteosarcoma cells in mice. Indeed, our in vivo experiments showed that overexpression of CD155 increased osteosarcoma cells metastatic behavior dramatically by acting on pulmonary metastatic foci number and size.
More important, we demonstrated that CD155 blocking by anti-CD155 mAb markedly reduced osteosarcoma lung metastasis occurrence in mice. Furthermore, we found that injection of the anti-CD155 mAb had no effect on the xenografts tumor growth in mice. The data indicate that the anti-CD155 mAb does not affect the proliferation of cancer cells in vivo. These results indicate that attenuation of CD155 reduces tumor metastatic progression in vivo.
Tumor metastasis is a complex process that is required for many aspects of normal and disease biology (29) (30) (31) . The migration of malignant cells largely determines their ability for tumor metastasis (32) (33) (34) . Our in vitro experiments showed that CD155 overexpression led to an increase in cell migration and invasion, whereas CD155 blocking reduced both migration and invasion of osteosarcoma cells. FAK is known to be crucial for adhesion turnover at the cell front, a process central to migration (35, 36) . Normal tissues have low expression of FAK, while cancer cells significantly overexpress this protein (37, 38) . Oda et al studies showed the activation of CD155a could reduce the phosphorylation of FAK (39) . CD155 knockdown via shRNA inhibited colon cancer and lung adenocarcinoma cell migration and invasion by reduction expression of FAK (40, 41) . In the present study, both FAK and CD155 are strongly expressed in osteosarcoma cells with high migration and invasion abilities. Moreover, osteosarcoma cells added with anti-CD155 mAb have an about 60-70% reduction in the expression of FAK proteins. These results supported that the overexpression of CD155 in cancer cells might be related to FAK in cancer cell migration.
The results of this study also showed that the expression of CD155 and FAK in osteosarcoma tissues from patients with positive lung metastases was significantly higher than that in tissues from negative lung metastases (P<0.05). The data indicate that CD155 and FAK expression correlates with tumor invasiveness in human osteosarcoma. Future studies of the analysis of the evolution of primary and metastatic tumors are needed to conclude on the predictive value of CD155 and FAK expression level on tumor development in human osteosarcoma.
In summary, our data demonstrate that CD155 expression controls cell invasion and migration in vitro and tumor metastasis in vivo. CD155 blocking decreased the expression of FAK, which affected the migration ability of the cells. The study provides a break-through in the study of human osteosarcoma metastasis and finds a molecular basis for a novel therapeutic strategy to reduce osteosarcoma metastasis.
